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ABSTRACT
We investigated a general framework of the Standard Model with two Higgs doublets
(2HDSM) with suppressed avor-changing neutral currents (FCNC's). Loop-induced FCNC







D mixing and for the (b! s) decay, provide us with constraints on the values of the
dominant Yukawa couplings of the charged Higgs, i.e., the values of the couplings of H

to t
and b quarks. Once these low energy experimental data relevant for the mixings and for the
mentioned decay, as well as the theoretical uncertainties for the hadronic matrix elements,
are suciently reduced, such analyses may be able to rule out the minimal SM and even
certain special types of the 2HDSM's (e.g., the popular \type II", and \type I" 2HDSM).
In such a case, a more general 2HDSM framework discussed here could still survive as a
viable framework. Eventual detection of the charged Higgs in high energy experiments and
the measurement of its mass would represent important information that would additonally
help to rule out or to favor the various specic 2HDSM scenarios that are contained in the
discussed 2HDSM framework.
1












































j < 1:32  10
 10
MeV ;
Br(b! s) = (2:32  0:67)  10
 4
etc.
The various alternative models of electroweak interactions - extensions of the minimal Stan-
dard Model (MSM) - must take into account the FCNC suppression. The most conservative
extensions of the MSM are apparently the models with two Higgs doublets (2HDSM's).
The conditions for the one-loop FCNC suppression of contributions coming from gauge
boson loops, i.e., the allowed representations of fermions, have been investigated some time
ago [1]. In addition, Glashow and Weinberg [1] proposed for the Higgs sector the MSM (one
Higgs doublet model) and the \type I" and \type II" 2HDSM's. They proposed them as
models which, in a \natural" way, have the zero value for the avor-changing renormalized
Yukawa couplings in the neutral sector (called from now on: FCN renormalized Yukawa
couplings). These two types of the 2HDSM's have been widely discussed in the literature.
Their Yukawa sector Lagrangians with bare or renormalized quantities have the form:
a) \type I" [2HDSM(I)] - just one Higgs doublet (say, H
(1)



































+ h.c.g+    ; (1)













































and similarly for the leptonic doublets `
(i)
containing Dirac neutrinos and charged leptons.
This model is very closely related to the minimal SM (MSM), the only dierence in the













(v  246:22 GeV ), and hence the correspondingly larger Yukawa coupling parameters.
b) \type II" [2HDSM(II)] - one doublet (H
(1)






and is responsible for the \down-type" masses; the other doublet (H
(2)
)







































+ h.c.g+    : (2)






























































The phase  between the two VEV's, if it is nonzero, is responsible for CP violation in the
scalar and in the Yukawa sector. The expressions are written in any SU(2)
L
-basis, i.e., a









Later on, extensions with more than one Higgs doublet other than the 2HDSM(I) and
(II) have been proposed. They usually satisfy either one of the following conditions:
2
(a) the renormalized FCN Yukawa couplings are zero, and the loop-induced FCNC phenom-
ena are suciently suppressed [2]; these models possess an exact family (\horizontal")
symmetry which ensures that both the bare and the renormalized FCN Yukawa cou-
plings are zero simultaneously (in the formal limit of the innite UV cut-o).
(b) FCN renormalized Yukawa couplings are nonzero, but small; the suppression of these
FCN Yukawa couplings is brought about by an additional mechanism, e.g., by approx-
imate family symmetries [3, 4]; the FCN bare Yukawa couplings are not necessarily
small.
On the other hand, we are going to consider several phenomenological consequences of the
following 2HDSM framework: within the framework, the renormalized FCN Yukawa cou-
plings are either zero or they are \suciently" suppressed. By \suciently" we mean that
their suppression is such that the leading 1-particle-irreducible (1PI) loop-induced contribu-





D mixing) dominate over the direct tree level contributions of the renormal-
ized FCN Yukawa couplings
3
. At the end of Section 4, we will estimate the upper bounds on
the relevant renormalized FCN Yukawa couplings satisfying the condition of the \sucient"
suppression. Physically, the considered framework includes models of type (a) and a subset
of the models of type (b). From the algebraic point of view, the considered framework,
although without imposed family symmetries, is of type (a), because we will neglect the
eects of the renormalized FCN Yukawa couplings. In addition, for simplicity, we assume
that the CP-violating phase  between the two VEV's is so small that its eects will be
neglected (by setting  = 0). The CP violation then originates solely from the  angle of the
Cabbibo-Kobayashi-Maskawa (CKM) mixing matrix. The renormalized Yukawa interactions
in this framework, in any SU(2)
L


































































`H`-terms g : (3)
The quarks are here in an arbitrary SU(2)
L
-basis (not in the mass basis). The renormalized
















are in the present framework such that in
the mass basis of quarks they become all simultaneously diagonal, in order to have zero (or:
negligible) FCN Yukawa couplings. By that we mean that L
Y.
in the mass basis of quarks



































































































































; (k = 1; 2) :
3
The tree level contributions of the renormalized couplings are in general tree level contributions of the
bare couplings plus (cut-o dependent parts of the) 1-particle-reducible (1PR) loop corrections calculated
with these bare couplings.
3









are the diagonal renormalized Yukawa matrices (in the mass basis),
i.e., the FCN Yukawa couplings are all zero. Furthermore, these matrices are all real, because
we assume that all the CP violation is of the CKM-type only ( = 0) and can therefore be
presented with a single -angle in the complex CKM matrix. We note that \type I" and
\type II" models (eqs. (1) and (2)) are special cases (subsets) of this framework. In () we
omitted the leptonic sector.
There may be objections against such a 2HDSM framework, on the grounds that, unlike
the 2HDSM(I) and (II), it has no discrete or continuous family (\horizontal") symmetries.
These family symmetries would impose in a \natural" way the value zero on the bare FCN
Yukawa couplings, and would keep these Yukawa couplings at the value zero even when they
are formally renormalized from  = 1 to low energies
4
. It is true that the renormalized
FCN Yukawa couplings in () acquire the value zero (in the mass basis) not in a \natural" way,
but only as a consequence of an algebraic condition on the renormalized Yukawa couplings -








all be diagonal. In general, such a condition leads
to the following behavior of the FCN Yukawa couplings: at low energies of probes, i.e., when
they are renormalized, they are (negligibly) small; only as the energy of probes is increased,
they may in general grow, as dictated by the renormalization group equations (RGE's). In
the formal limit of E
probes
(= ) = 1, the resulting bare FCN Yukawa couplings may in
general diverge. In view of this, the objection against the framework can be countered in at
least two dierent ways:




100 GeV ), there is no absolutely compelling reason for it to remain in force when
the energy of probes is increased beyond the present experimentally accessible regions
and relevant phenomena and processes are investigated at such an energy. Then, the
(negligibly) small values of the FCN Yukawa couplings at low energies could be en-
sured by some as yet unknown mechanism (which is denitely other than exact family
symmetries), e.g., by an approximate family symmetry (cf. Refs. [3, 4]), or could be
simply accidental.
 Even if we assume the \naturality" of the FCNC's, i.e., that the suppression of the FCN
Yukawa couplings to zero remains in force even at increasing E
probes
because ensured
by certain assumed exact family symmetries, we can regard the considered framework
() as a framework containing the union of all such \natural" 2HDSM's. Even in such a
case, the phenomenological analysis of the framework () would carry relevance, because
such an analysis does not investigate theoretical constraints of a specic model, but
only phenomenological constraints in a rather broad framework.
In Section 2 we discuss the charged sector of the Yukawa couplings in the proposed 2HDSM
framework. In Section 3 we investigate phenomenological constraints on this sector which




B mixing data. In Sections 4 and 5 we investigate the
constraints on this sector which come from the D-

D mixing and from the (b ! s) decay
data, respectively. The conclusions are summarized in Section 6.
4
In the 2HDSM(II), the family symmetry in L
Y.














(j=1,2,3), the other elds remaining unchanged. This symmetry ensures that, in the course of renormaliza-
tion, no loop-induced (ln cut-o dependent) Yukawa couplings other than those of the form (2) can appear.
























2.) The Yukawa sector of the charged Higgs in a general 2HDSM
framework
The charged-current part of the quarks corresponding to the Lagrangian () can be de-





























This expression is in the unitary gauge and in the physical bases of the quarks and of the
charged Higgses H
()
. V is the usual (complex) CKM matrix, u
T
= (u; c; t), d
T
= (d; s; b);

















), and the mass
basis is used. U and D are diagonal and real ( = 0). On the other hand, the (diagonal) mass













































(i; j = 1; 2; 3) : (8)
In such a case, the coupling U
33















are the two dominant Yukawa couplings in the charged sector. We will
assume in the rest of the presentation that this is the case, i.e., that the hierarchy (8) holds.
Stated otherwise, the sector of the Yukawa couplings of charged Higgs to quarks provides
























where E is a typical energy of probes which depends on the process considered
5
. 2HDSM(I)























(E) = cot : (11)
Therefore, if abandoning the present general framework in favor of the 2HDSM(I) or (II),




would not be free any more, but would be completely
xed by the VEV's (i.e., by tan ) and would be interrelared.





. The constraints will be dictated by the experimental data on various
5
Formally, E is the nite upper energy cut-o used in the renormalized Lagrangians (3)-(5). Later we









in one-loop formulas for specic processes, is approximately equal to the higher of the two momenta (or

















meson-antimeson mixings and the (b! s) decay. In principle, these essentially low energy
phenomena alone could at some future point, when experimental and theoretical uncertain-
ties are reduced, give us a possibility to rule out the MSM, or even to rule out 2HDSM(II)








would have to be abandoned in favor of a more general framework, e.g. the 2HDSM frame-
work discussed here. For the special cases 2HDSM(II) and (I), phenomenological constraints
have been investigated by several authors [5]. Here they will be studied within the presented





can be immediately obtained by demanding that the theory behave pertur-









)=2 of the charged Higgs to b and t quarks

























































K mixing in a general 2HDSM framework
Since the H
()





































to quarks. These parameters are dominated by short distance physics, because
it is mostly the very heavy top quark that dominates over the other quark contributions
in the relevant electroweak loop diagrams. The dominant one-loop electroweak diagrams
contributing to these mass dierences are the W-W, H-W and H-H exchange box diagrams






































































The general formulas for these electroweak amplitudes, within the present framework, can
























































































































































. The integrals E, J and I are dimensionless and tame functions










































) is a well known Inami-Lim function [6]. The integration variable z in the above











, respectively, p being the Euclidean
version of the 4-momentum of the loop. In view of the previous discussion, we will neglect




























, respectively. In the above expression for L
HH
eff
, we ignored several other induced four-











. It turns out that the dimensionless
integrals appearing in the amplitudes at such terms are roughly an order of magnitude smaller
than the integrals I and J in eqs. (17). Furthermore, the dominant coupling strengths at







































j (at E ' m
t











. We will see in the analysis of the (b ! s) decay that






The next step is to include in the above formulas the QCD corrections in the leading
logarithmic approximation. Many authors have investigated these corrections for the box
exchange diagrams in the MSM ([7, 8, 9, 10] and references therein)
7
. Applying the approach
of [8] to the W-H and H-H box exchange diagrams (which contain two top quark propagators),
we arrive at the following leading QCD correction factors to the integrands of (17):
(a): The leading-log summation for the exchange of gluons between the external quark legs

























is the 4-momentum of the electroweak loop (to be integrated over), n
f
is the
eective number of avors at this energy (n
f













and  is the lower (infrared) energy cut-o which is roughly to be identied with the


























mixing, as suggested by several authors [7, 8].



























We assumed here m
phy
t
= 175GeV and m
phy
b









) ' 2:77GeV .
7
The authors of [10] have calculated even the next-to-leading order QCD corrections in an apparently
consistent way.
7
(c): The eects of the gluon exchange between an outer leg and the internal (top quark)
propagator (cf. Fig. 2d) do not contribute appreciably, because the top quark is so
heavy. We can intuitively explain this by imagining that the top quark is so heavy as
to have no propagator, i.e., the propagator shrinks to a point, and the gluon has \no
place" to land on it. This argument holds as long as M
H

is not exceedingly high (i.e.,












), and that therefore the factor in (a) is the crucial one numerically. The












































































































































). Furthermore, we included the leading (known)
QCD corrections of the MSM case, i.e., to the W -W exchange box diagrams [7]-[10] (W


































The replacements for the 
2
t
-terms in the cases of both mixings were taken from Ref. [10],
where they are substantiated by careful investigation of the next-to-leading QCD corrections
in the MSM. We note that it is the 
2
t
-terms which contribute the most to the short distance
physics in the case of the K-

K mixing, and almost exclusively in the case of the B-

B mixing.
The correction factor (19), although numerically not important in the integrals (20) and




) to be used in the vertex coupling U
33
(E),




















and (21)], is E ' m
t





(E) appearing in the one-loop (electroweak) formulas is approximately equal
to the mass m
q
of the heavier of the two quarks attached to the considered vertex. This is
connected to the fact that the largest contribution to the electroweak one-loop integral is for





. This argument appears to be supported
by the works [7, 8] (these works suggest the formula (19)) and by the work of Buras et
al. [10]
8
. By adjusting the \running" energy of probes E in the electroweak formulas in
this way appears to take into account some QCD-correction eects which turn out to be
quite important in some processes. For example, in the (b ! s) decay the electroweak









(E) (see Section 5). Since the relevant electroweak loops are dominated by the top
quark contributions (cf. Fig. 4b), we have E ' m
t
. When normalizing X
(D)
according to








) (' 4:4 GeV ). On the other hand,






mixing are dominated by the box diagrams
containing the bottom quarks. Therefore, the formulas there, containing X
(D)
(E), should
have E ' m
b










The authors of [10] also argue that the mass m
t
(E) in the internal top quark propagators of the elec-




























to the experimental inputs of K and

























































































































; : : :;
V ol is the 3-dimensional volume of the space). Perturbative (short distance) contributions




. On the other hand,
the hadronic matrix elements hK
0









j    jB
0
d
i represent the low energy (non-
perturbative) eects. Experiments provide us with the following values for the 4M 's and













= 3:510  10
 15









= 3:36  10
 13
GeV (1 0:12) ; (24)
j"
K














= 5:279 GeV ; M
K
0
= 0:4977 GeV :
(25)







has an appreciable experimental uncertainty (12







































 1:0 ; (F
K













































 0:25GeV : (27)





















 0:22GeV : (28)




which inuence the parameters 
j
. The Cabbibo angle is fairly well determined (sin 
12
=





(in the convention of Chau and Keung, or Maiani) have the
following uncertainties [11] in the 90 percent condence limit
0:032 < sin 
23
< 0:048 ; 0:002 < sin 
13
< 0:005 : (29)
All three rotation angles lie in the rst quadrant. Furthermore, the CLEO [12] and AR-
















 = 0:08  0:02 : (30)
On the hand, the fourth angle  in the CKM matrix, responsible for CP violation, is com-
pletely undetermined yet. We note that the restrictions (29) and (30) are mostly obtained
9
from weak semileptonic decays of relevant quarks and from the requirement of unitarity. E.g.,
the restrictions on jV
cb
j (' sin 
23









j (= sin 
13
) are obtained largely from the requirement of unitarity in the

















j) being determined largely by the comparison of the nuclear beta decay to muon


















Also the ratio (30) is derived from semileptonic B decays. Since all these decays practically
don't involve the Higgs sector (the couplings of the Higgs to leptons are in general of the
order of lepton masses, i.e., negligible), we can argue that the restrictions (29) and (30) apply
not just to the MSM, but to a large class of standard models with extended Higgs sectors,
including the present 2HDSM framework.














mixing according to the formulas pre-




















in (23) are regarded as independent and are combined by taking the
square root of the sum of their squares. In order to account for the uncertainty in the CKM
parameters 
j





plane with 169 points (1313) that are uniformly distributed over that region in each
direction. We allowed the CP-violating phase
9
 in the CKM matrix V to be free, and took
for the top quark mass m
phy
t
= 175GeV , as motivated by the CDF results [14]. The mass m
t


















was not the pole mass m
phy
t




)  167GeV (this point was dis-
cussed in Ref. [10]). Then, choosing a specic value for M
H

, we obtain the allowed intervals























)j in Figs. 3a,
3b, 3c, for the values of the charged Higgs mass M
H

= 200; 400; 600 GeV , respectively. The
solid and dash-dotted lines (and the -axis) delimit the allowed region for the case of the
more restricted bounds (28) on the hadronic matrix elements that are favored by the QCD
sum rules and lattice calculations; the dashed and dash-dot-dotted lines (and the -axis)
delimit the allowed region for the case of less restrictive bounds (26) and (27). The some-
what bumpy solid lines in these gures are a consequence of the fact that we scanned the




with 169 points only; increasing
the number of points further would lead to more continuous slopes of the border lines and
would increase the solid and the dashed lines by at most a few percent, as our numerics





has in the case of a lighter charged Higgs a more stringent upper bound; this upper bound
remains always safely in the region O(1); however, it depends rather strongly on the chosen








allowed region for the CP-violating CKM angle  depends rather strongly on these allowed








mixing that restricts the angle  from above. Furthermore, the
larger the Yukawa coupling jX
(U)




increased, the upper bound on jX
(U)
j decreases somewhat. In the special 2HDSM(II) and




)j is to be replaced by cot, according to (10) and (11). In
this case, Figs. 3 would give us lower bounds for tan . Furthermore, once the experimental










)j = 0), i.e., the MSM would become ruled out in such a case and we would
9











D mixing in a general 2HDSM framework






mixing, the short distance contribution at one loop is
also represented by the diagrams of Fig. 1. However, now the external quark legs are of the
up-type (cu, cu), and therefore the inner quark propagators are of the down-type. In the
MSM, it turns out that the eect of the mass of external c-quark, when combined with the
GIMmechanism, inuences crucially the strength of the resulting four-fermion couplings [15].








relation (23) results in the MSM prediction for the short



















' 0:2 GeV and B
D
' 1) [16]. However, long distance contributions, e.g.  and KK
intermediate states, give somewhat higher contributions to 4M
D
0
: the intermediate particle


















< 1:3  10
 13
GeV ) is still crude [11] and far above these values.
Experiments with large expected numbers ( 10
8
) of reconstructed charm mesons are being











GeV or not. This would make the D-physics
more interesting, giving us possible experimental evidence for physics beyond the MSM.
Within the present framework, the HH box diagram of Fig. 1 with two b-quark propaga-
tors is the dominant contribution to 4M
D
0























]. Therefore, we will demand






not exceed the present experimental upper bound
1:3  10
 13
GeV . Since the GIM mechanism, which suppresses the MSM contributions, is not




, it is justiable to ignore the eects of the mass of



















































































. The integral for I is written in (17), and












the hadronic matrix element
































< 1:3  10
 13
GeV ; (33)




































(1  0:28) : (34)
In this upper bound, (0:28) denotes the uncertainty arising from the experimental uncer-
tainty in the CKM parameter 
b





= 0:2 GeV (1  0:3), B
D
' 1]. Taking on the right-hand side of (34) the central
value, we obtain for the case of M
H









which is by factor 3 above the perturbative limit (12). On the other hand, if assuming that





by two orders of magnitude [to
O(10
 15












For the case of M
H







 110, which is roughly at the
perturbative limit (12).
In order to estimate the most stringent possible constraints imposed on X
(D)
by any
future measurements of 4M
D
0
, we argue in the following way. If we assume that at some
future time the value of 4M
D
0
is well measured and turns out to be suciently above the
value estimated by the MSM, then the discussed general 2HDSM framework will still remain
a viable framework, in which the HW and HH exchange diagrams of Fig. 1 (with b-quark
propagators) are responsible for the deviation from the MSM prediction. The HH diagrams





of an order of magnitude at least as large as the
order of magnitude of the estimated MSM contributions (10
 17
GeV ). Here we assume that
the computed latter contributions (the long distance contributions) will remain uncertain by
a factor of O(1), say a factor 2-3. This would imply that the 2HDSM's can be successlly





























)j that can be inferred
from any future measurements of j4M
D
0























(= cot)  0:03. This means that within the 2HDSM(II) any
future measurements of 4M
D
0
would provide us with an estimated value for cot  only if
cot < 0:03 (tan > 35). If tan  < 35, these measurements would not be able to distinguish
between the MSM and 2HDSM(II), and would only give an upper bound (tan)
UB
' 35
that would result in HH contributions comparable to the theoretical uncertainties of the








will become important for identifying a possible 2HDSM physics beyond the MSM




)j only in the case that the actual value



















=GeV ), provided that the theoretical prediction of the long distance MSM




)j is smaller that this value,
the measurements of 4M
D
0
would not be able to distinguish between the 2HDSM's and the












At this point, we are able to estimate the upper bound on some of the (small) o-diagonal




(j = 1; 2) of the starting
Lagrangian () (in the mass basis). As stated in the Introduction, in the present framework we
assume that these FCN Yukawa couplings are suciently suppressed, so that the calculated
one-loop box-diagrams (cf. Fig. 1) with charged Higgs give contributions to the considered
meson-antimeson mixings which dominate over the direct tree level contributions. It was





set them formally equal to zero. The tree level contributions of such (small) FCN Yukawa
couplings to the meson-antimeson mixings represent an exchange of a neutral Higgs H
0








state (k 6= `). It is straightforward
to check that the resulting electroweak amplitudes in front of the eective four-fermion
12


















) (j = 1; 2) and that
they are real (if the phase between the VEV's is  = 0). Also, the corresponding hadronic
matrix elements of the four-fermion terms are real. Therefore, these amplitudes cannot






mixing, because the relevant quantity there was
Im(A
K

































mixing, respectively, where the indices are: (ab) = (13),(31) and
(cd) = (12),(21), and j = 1; 2. On the other hand, the corresponding box diagrams (cf. Fig. 1)









































































[cf. Eq. (6)], we than arrive at the following upper bounds for o-diagonal
























































; (j; k = 1; 2) : (35)




































) (j; k = 1; 2). These two constraints are the conditions for the




D mixing, respectively, to hold. Furthermore, the
analysis of the b ! s decay (in Section 5) does not require any additional restrictions on
the FCN Yukawa couplings, because this decay cannot occur at the tree level.
5.) The decay b! s in a general 2HDSM framework
Among the loop-induced FCNC's, the b ! s decay is especially important because its
strength may strongly depend on a possible new physics, and because it has a relatively
strong rate - most of the other FCNC processes involving photons or leptons are suppressed
relatively to b ! s by an order of 
em





















The normalization to the semilpetonic rate  (b! ce 
e
) eliminates uncertainties of the CKM
matrix element V
ts
and of the factor m
5
b
in the decay width  (b ! s). The recent CLEO




= (2:32 0:67)  10
 4
: (37)
This implies, at 90 percent condence level (CL)
B(b! s) = (2:3 1:1)  10
 4
: (38)
The predicted range for the MSM (2:0  10
 4
< B(b! s) < 3:8  10
 4
) [20]-[21] is still fairly
compatible with the above measurement.
The short distance QCD eects in this decay are drastic and enhance the rate by several
factors [20]-[23]. This decay is the only known process dominated by the two-loop contri-
butions (i.e., leading QCD corrections). Here we use the formula for the branching ratio






















































































ln z : (41)


































































































































































































associated with the leading one-loop electroweak diagrams generating the b! s transition














































































) are Wilson coecients corresponding to an analogous operator,
but with F

replaced by the corresponding gluon eld strength tensor G
a

, i.e., they can be
derived from the one-loop diagrams of Figs. 4a,b, respectively, when we replace the photon




(j=7,8), corresponding to the diagrams of Fig. 4b. These expressions have been
written in the literature for the sprecial cases of the 2HDSM(I) and (II); here, they are




may be somewhat too low, especially if M
H
 is high: M
H
 > 200GeV .
14




(E). Therefore, this fact will










(E) in Eq. (44) is E  m
t
, because the top quark gives the dominant contributions to
the relevant 1-loop diagrams (cf. Fig. 4b).
In the calculation, we take the low energy cut-o  to be  = m
b






































1=137, B(b ! ce 
e
)  B(b ! e 
e
+ anything) ' 0:104. By the same argument as in the




K mixing, we take for m
t
(E) in the parameters x and y in Eqs. (43)




) ' 167 GeV , which corresponds to m
phy
t
= 175 GeV . With these





) = 0 in (42) and (40)] is:
B(b ! s)
MSM
' 2:90  10
 4
. As discussed in Ref. [23], the major uncertainties in the












=2 <  < 2m
b
). This theoretical uncertainty, together with other experimental and the-
oretical uncertainties, would result in an uncertainty of up to 30 percent in this formula [23].
Combining this 30 percent uncertainty with the 90 percent CL result (38) of CLEO, we





< 4:86  10
 4
.
The superscript \th." denotes the expression (39)-(40). For chosen values M
H 
=200, 400,









) as depicted in Figs. 5a,b,c, respectively. For comparison, the









=   cot ). Inciden-
tally, we see from Fig. 5a that in the case of M
H

= 200GeV the line for the 2HDSM(II) lies




as a consequence of the b! s data. In Figs. 5a-c we included only those regions for X
(U)































D mixing and for the b ! s decay, as well as the future reduced
theoretical uncertainties for the hadronic matrix elements, can further severely constrain the




of the charged Higgs. If the experimental data
are improved suciently and the theoretical hadronic uncertainties reduced suciently, then
the analyses such as the one presented here may in a foreseeable future be able to rule out
the minimal SM and even certain special types of the 2HDSM's (e.g., the popular \type II",
and \type I" 2HDSM). In such a case, a more general 2HDSM framework discussed here
could still survive as a viable framework. We note that this can be achieved by analysing low
energy physics alone - the meson-antimeson mixings and the b decays are phenomena at low
energy. If the charged Higgs is found in high energy experiments and its mass measured, this
mass will represent important new information. This information would greatly facilitate
the analyses of low energy phenomena and would help to either rule out or to favor various
specic 2HDSM scenarios that are contained in the discussed 2HDSM framework.
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Figure Captions









); solid lines denote quarks.
Figs. 2a-d: Various possible leading-log QCD corrections to the box diagrams; dash-dotted line
denotes a gluon propagator.
Figs. 3a, 3b, 3c: The allowed regions in the plane  vs jX
(U)




= 200; 400; 600 GeV , respectively. The solid and dash-dotted lines (and the -axis)
delimit the allowed region for the case of the more restricted bounds (28) on the hadronic matrix
elements; the dashed and dash-dot-dotted lines (and the -axis) delimit the allowed region for the
case of less restrictive bounds (26) and (27).
Figs. 4a-b: The dominant one-loop contributions to the b ! s decay. Besides the top quark
propagator, the loops contain physical W

(Fig. 4a) and physical H

(Fig. 4b).








) plane that are allowed by the data on the
b! s decay, for M
H

= 200; 400; 600 GeV , respectively. The allowed region is the central region
between the four solid curves near the axes, and two separate stripes between the solid lines in the


















) =  cot .
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